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ABSTRACT—The type specimen of Pluteus luteus was studied morphologically and 
molecularly using DNA sequences of the ITS region of the ribosomal RNA gene. Pluteus 
luteus is reduced to a synonym of P. variabilicolor, the morphological variability of which 
is discussed. The distribution of P variabilicolor as a species native to Europe and Asia is 
summarized, including the first collection from Slovakia and the second report from the 
Republic of Korea (South Korea). 
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Introduction 

Pluteus Fr. (Agaricales, Pluteaceae; Kotlaba & Pouzar 1972, Singer 1986, Justo 
& al. 2011a) is characterized by free lamellae, a pinkish spore print, smooth 
globose to ellipsoid (rarely oblong) basidiospores, an inverse hymenophoral 
trama, and the presence of cheilocystidia, often also pleurocystidia (Singer 
1986, Vellinga 1990). 

Traditionally, three sections are distinguished in the genus: Pluteus sect. 
Pluteus; P. sect. Hispidoderma Fayod; and P. sect. Celluloderma Fayod, divided 
into P. subsect. Eucellulodermini Singer and P. subsect. Mixtini Singer (Singer 
1986). Pluteus sect. Pluteus is characterized by a pileipellis in the form of a 
cutis and thick-walled pleurocystidia with hooks, prongs or other types of 
excrescences; P. sect. Hispidoderma by a pileipellis consisting of elongated, 
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filiform or hyphal elements organized as a cutis, a hymeniderm or a 
trichoderm, and with non-metuloid pleurocystidia; and P sect. Celluloderma 
by a pileipellis composed of relatively short (sphaeropedunculate, ellipsoid to 
saccate-obpyriform) elements organized with (P. subsect. Mixtini) or without 
(P. subsect. Eucellulodermini) longer elements, which may be interpreted 
as dermatocystidia or pileocystidia, as a hymeniderm, and non-metuloid 
pleurocystidia (Singer 1956, 1958, 1986; Orton 1986, Citérin & Eyssartier 
1998). According to Justo & al. (2011a,b), these subsections are not natural 
groups, because elongated elements have appeared several times during the 
evolution of P. sect. Celluloderma and also some species with a cutis pileipellis 
(e.g., P. fenzlii (Schulzer) Corriol & P.-A. Moreau) are members of this section. 
Babos (1978) originally assigned Pluteus variabilicolor Babos to P. subsect. 
Mixtini. However, our phylogenetic analysis of nrDNA ITS sequences, in 
accordance with previous articles (Justo & al. 2011a, Lezzi & al. 2014), shows 
that it belongs to P sect. Hispidoderma, together with P. leoninus (Schaeff.) 
P. Kumm. The explanation of this discrepancy is provided in this paper, based 
on micromorphological and phylogenetical studies. 

Pluteus variabilicolor was described based on collections from Hungary, 
but the author pointed out that most of the species of P. subsect. Mixtini are 
non-European (Babos 1978). Later, Pluteus castroae Justo & E.F. Malysheva 
[as “castri’] described from Russia and Japan (Justo & al. 2011a: 470) was 
synonymized with Pluteus variabilicolor (Lezzi & al. 2014). Pluteus luteus was 
originally described as Macrocystidia lutea from China (Redhead & Liu 1982), 
but the authors stated M. lutea to be an anomalous species in Macrocystidia and 
after two years, Redhead (1984) transferred it to Pluteus. 

In this paper, Pluteus luteus is reduced to a synonym under P. variabilicolor. 
The distribution of this species in Europe and Asia is summarized including 
the first collections from Slovakia and the second report from the Republic of 
Korea. 


Materials & methods 


Morphology 

Macroscopic descriptions of the collected specimens are based on fresh 
basidiomata. Microscopic features were studied on dried material mounted in Congo 
red using an Olympus BX-50 light microscope at magnifications of 400x and 1000x. 
Herbarium abbreviations are according to Thiers (2019). Morphological terminology 
follows Vellinga (1988). Authors of fungal names are cited according to the Index 
Fungorum Authors of Fungal Names website (http://www.indexfungorum.org/names/ 
AuthorsOfFungalNames.asp). Abbreviations: avl = mean of basidiospore length; 
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MF 445227 P. variabilicolor SFC20160708 30 South Korea 
MK123351 P. variabilicolor OKA TR13 Turkey 
MG544909 P. variabilicolor OKA106 Turkey 
LT838186 P. variabilicolor BRNM 788273 South Korea 
FJ774077 P. castroae LE216873 Russia 
HM562092 P. castroae TNSF17602 Japan holotype 
HM562099 P. castroae TNSF17081 Japan 
gg| MT080029 P. variabilicolor DB 2018-09-08 Hungary 
MN258677 P. ‘leoninus' HFJAU0154 China 
MG544908 P, variabilicolor OKA116 Turkey 
KP192911 P. variabilicolor TL20130521 01 Italy 
Hee P. variabilicolor BRNM 788274 Czech Republic 


P. variabilicolor 


99 
mae KP192912 P. variabilicolor BP56936 Hungary isotype 
KP192914 P. variabilicolor VM20130504 01 Italy 
MT080030 P. luteus DAOM180447 China holotype 


KP192913 P. variabilicolor VM20111105 01 Italy 


al P. chrysaegis complex 


m P. aff. leoninus | 


j 
| P. leoninus s. str. complex 


P. aff. leoninus Il 

HM562089 P. pantherinus TNSF 12882 Japan 
HM562140 P. umbrosus AJ213 Spain 

HM562069 P. granularis Strack7 USA Illinois 

FJ774086 Pluteus sp. clade VI LE212990 Russia 

HM562055 Pluteus aff. dianae AJ209 Spain 
HM562114 P. velutinus TNSF 12365 Japan 

HM562058 P. heteromarginatus AJ172 USA Florida 
HM562082 P. longistriatus Minnis309203 USA Missouri 
98r FJ774080 P. semibulbosus LE227534 Russia 
HM562090 P. aff. semibulbosus TNSF 12393 Japan 
MF356558 P. fenzlii DB6253 Hungary 

HM562143 P. diettrichii JLS1624 Spain 
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Fig. 1. Maximum likelihood phylogenetic tree inferred from nrDNA ITS data set, showing the 
relationships in Pluteus sect. Hispidoderma. Species complexes not dealt with in this study are 
shown as compressed clades. Newly generated sequences are highlighted in bold. PhyML bootstrap 
support values are shown at the branches. Bar indicates 0.1 expected change per site per branch. 


avw = mean of basidiospore width; Q = quotient of length and width in any one 
basidiospore; avQ = mean of basidiospore Q-values. 


Molecular phylogeny 

For DNA extraction, only dried herbarium specimens were used. DNA was 
extracted with the NucleoSpin Plant II Mini Kit. PCR amplification of the internal 
transcribed spacer region (ITS) of the ribosomal RNA gene was performed with 
the primer pair ITS1F/ITS4 (White & al. 1990, Gardes & Bruns 1993). Sequencing 
of the amplicons was carried out with the same primers by LGC Genomics (Berlin, 
Germany). Chromatograms were checked and assembled with CodonCode Aligner 
8.0.1. Initial BLAST search in the GenBank and UNITE nucleotide databases was 
performed to find homologous sequences. ITS sequences of Pluteus belonging to 
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P. sect. Hispidoderma were downloaded based on previous studies (e.g. Justo & al. 
2011a, Lezzi & al. 2014). The names of HM562055 (Pluteus aff. dianae) and FJ774086 
(Pluteus sp. clade VI) follow a previous taxonomic paper (Ševčíková & al. 2020). 
Sequences were aligned with the online version of MAFFT v. 7 using the E-INS-i 
algorithm (Katoh & Standley 2013). Alignment was inspected and edited with SeaView 
4 (Gouy & al. 2010). 

Maximum Likelihood analysis was performed in PhyML 3.1 (Guindon & Gascuel 
2003) using the GIR+I+G model of evolution and gamma distribution of 8 rate 
categories. The resulting tree was edited in MEGA 7 (Kumar & al. 2016). 


Phylogenetic results 

The aligned ITS data set comprised a total of 40 sequences and a length of 
700 positions including gaps which were treated as missing data in the ML 
analysis. Two new sequences were deposited in GenBank (MT080029 and 
MT080030). The resulting phylogram is shown in Fic. 1. Based on our analysis, 
the ITS sequence generated from the holotype of Pluteus luteus nests within 
the same clade including the holotype sequences of Pluteus variabilicolor and 
P. castroae, with high support (ML-BS = 99%). This clade forms a sister group 
of the Pluteus chrysaegis complex, as shown in Lezzi & al. (2014). 


Taxonomy 


Pluteus variabilicolor Babos, 
Annales Historico-Natureles Musei Nationalis Hungarici 70: 93 (1978) FIG. 2, 4 
= Macrocystidia lutea Redhead & B. Liu, Canadian Journal of Botany 60(8): 1485 (1982) 
= Pluteus luteus (Redhead & B. Liu) Redhead, Sydowia 37: 266 (1984) 
= Pluteus castroae Justo & E.F. Malysheva [as “castri’], in Justo & al., 
Mycological Progress 10(4): 470 (2011) 


Type revision of Pluteus luteus Fics 2a, e-f; 3 


ORIGINAL DESCRIPTION OF MACROCYSTIDIA LUTEA — “Pileus 5-14 mm lat., 
campanulatus ad convexus umbone, humidus, translucidus, glabratus, levis, luteus, in 
sicco infuscato. Lamellae adnatae, ascendens, latae, confertae, albae, in siccis salmoneis. 
Stipes 12-60 x 1-1.3 mm, levis, albus, in sicco ochraceo. Basidiosporae 5-6 x 4-5.8 
um, subglobosae, angulatus obscure, subhyalinae ad subsalmoneus, inamyloideae, leves, 
cyanophilae praecipue. Basidia tetraspora, clavata. Cheilocystidia et pleurocystidia 
42-57 x 11-22 um, dispersa, fusiformia ad ventricosa, levia. Pileocystidia abundant, 
clavata ad ventricosa, levia, implexa, 28-52 x 1 1-14 um. Caulocystidia apiceum versus, 
aggregata, clavata ut mucronata interdum. Hyphae fibulis nullis. Lactocollybia affinis? 


Fig. 2. Pluteus variabilicolor, pileipellis elements. a. DAOM 180447, holotype of P. luteus, young 
basidioma; b. BRNM 788274; c. BRNM 772177; d. BRNM 788273; e, f. DAOM 180447, holotype 
of P. luteus, mature basidioma. Scale bars = 10 um. 


Pluteus luteus a synonym of P varibilicolor ... 205 


206 ... Ševčíková & Dima 


Ho.Lotypus—China, Kiangsu Province, Nanking City, June 27, 1978, Liu Bo 432, on 
rotting wood in mountains (DAOM 180447). 


BASIDIOSPORES 5-6.5(-7.5) x (4-)4.5-6 um, avl x avw = 5.9 x 5.1 um, Q = 
1.00-1.40, avQ = 1.16, subglobose, rarely broadly ellipsoid or globose with small 
inconspicuous apices. BAsIDIA 20-31(-33) x 6-8(-11) um, tetrasterigmate, 
clavate to subfusiform or narrowly utriform, colourless. PLEUROCYSTIDIA 
abundant, 40-51.5(-78) x 11-19(-24) um, clavate to broadly clavate, with 
obtuse or slightly acuminate apex, narrowly to broadly fusiform, less frequently 
narrowly lageniform or narrowly utriform, with obtuse apex or rarely with small 
rostrate apex, hyaline, thin-walled. Lamellar edges sterile. CHEILOCYSTIDIA 
(22-)31-52 x (7-)10.5-22 um, narrowly to broadly fusiform, with obtuse 
apex or rarely with 1-4 um long rostrate apex, or clavate to broadly clavate, 
with obtuse or slightly acuminate apex, less frequently narrowly lageniform or 
narrowly utriform, very rarely with 1-3 um long rostrate apex, hyaline, thin- 
walled. PILEIPELLIS a euhymeniderm composed of two types of elements: [1] 
(17-)20-54(-57) x 11-17(-19.5) um, narrowly clavate to clavate, narrowly 
fusiform to fusiform, frequently with obtuse apex or 1-4 um long (sub)rostrate 
apex; [2] (120-)181-210(-220) x 8-16 um elongate (sub)cylindrical elements 
with obtuse apex; both types with yellow or pale yellow-ochre intracellular 
pigment, less frequently almost colourless with very pale yellow tinge, thin- 
walled. STIPITIPELLIS a cutis of 4-12(-16) um diam cylindrical thin-walled, 
colourless or pale ochre-coloured hyphae. CauLocystip14 in tufts, more 
frequently in lower part of stipe, 14-30(-42) x 4-11(-19.5) um, subcylindrical, 
narrowly clavate to broadly clavate, fusiform or utriform, often with 1-4 um 
long rostrate apex, thin-walled, colourless, in lower part of mature basidioma 
with brown intracellular pigment. CLAMP CONNECTIONS absent from all tissues. 


Distribution and ecology 

So far Pluteus variabilicolor is known from Europe: Hungary (Babos 1978), 
Austria (Lohmeyer & al. 1994), Italy (Lanconelli & al. 1998, Migliozzi 2011, 
Lezzi & al. 2014), Spain (Sanchez & Mufioz 2018), Romania (BRA 32267, Béres 
2012), Slovenia and Moldova (Lezzi & al. 2014), and Russia (Justo & al. 2011a) 
- and from Asia: Japan (Justo & al. 2011a), China (as P. luteus; Redhead & Liu 
1982, Redhead 1984), and the Republic of Korea (as P luteus; Lee & al. 2016). 
A second collection from the Republic of Korea is reported from a dead trunk 
of Castanea in a mixed forest (BRNM 788273). Pluteus variabilicolor was found 
for the first time in Slovakia at two localities, one on a heap of sawdust and 
the other on decayed wood of a deciduous tree in a deciduous forest (BRNM 
788274, BRNM 772177). This species is probably widespread but rare in 
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Fig. 3. Pluteus luteus (holotype, DAOM 180447). a. basidiospores; b. basidia; c. cheilocystidia; 
d. pleurocystidia; e. caulocystidia of young basidioma; f. caulocystidia of mature basidioma. 


Scale bar = 10 um. 
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Europe and Asia, growing on decayed wood (mostly fallen trunks), sawdust, 
or woodchips of deciduous trees from May to October (BRNM 772177, BRNM 
788273, BRNM 788274, Babos 1978, Béres 2012, Justo & al. 2011a, Lanconelli 
& al. 1998, Lezzi & al. 2014, Lohmeyer & al. 1994, Migliozzi 2011, Redhead & 
Liu 1982, Redhead 1984, Sanchez & Muñoz 2018). 


Discussion 

Phylogenetically, the lineage of Pluteus variabilicolor [= P. luteus; = P. castroae] 
forms a uniform and isolated clade, supported by our ML analysis of the ITS 
dataset. The sequence variation among the specimens studied was low: 1-6 
substitution or indel positions. However, most of these variations originated 
from polymorphic sites and might not be real differences. (These sequences 
contain uncertain positions, where base polymorphisms occur, marked 
with IUB codes. Therefore, these cannot be counted as real differences with 
certainty.) The closest sister taxon, the P. chrysaegis complex, differs by more 
than 50 substitution and indel positions. 

Pluteus luteus was originally described as Macrocystidia lutea. Redhead & 
Liu (1982) mentioned ascending adnate lamellae, whereas the genus Pluteus 
is characteristic by free lamellae. Redhead (1984), who had never seen fresh 
material, later revised the description from the type collection and combined the 
name with Pluteus to draw attention to the original misclassification. Redhead 
based the reclassification upon the convergent pluteoid tramal structure and a 
more palisade-like nature of the pileipellis on the disc but did not mention the 
attachment of the lamellae. The type material contains one larger and several 
small young basidiomata on which the lamellar attachment is not clear. After 
cutting the basidioma, we observed that the lamellae appear to be free. 

Pluteus variabilicolor is, as its name implies, a variable species. Babos (1978) 
mentioned a white (or yellowish) stipe with dark floccules (as in Leccinum), 
sometimes only on the basal part of the stipe or as inconspicuous floccules 
visible only with a lens. Liu described Pluteus luteus as having a white stipe 
when fresh, turning ochraceous on drying (Redhead & Liu 1982). In our type 
studies (DAOM 180447!), we found only rare tufts of brownish caulocystidia 
in the lower part of the stipe of a mature basidioma and scattered colourless 
caulocystidia in the upper part. Therefore, the dark floccules on the stipe are 
not a significant feature for identification of P. variabilicolor. Moreover, the 
stipes of the Slovakian collection BRNM 788274 (relatively young basidiomata) 
have yellow-ochre to mustard yellow fibrils on a white background, and brown 
on white background in the lower part, at least at the stipe base (see Fic. 4). 
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Fig. 4. Pluteus variabilicolor, basidiomata. a-c. BRNM 788274 (photo J. Pavlik); d. BRNM 788273 
(photo V. Antonin); e. BRNM 772177 (photo J. Hraško); f. BRNM 817743 (photo D. Solar). 


Babos (1978) cited various pileus colours for the young basidiomata: 
lemon-, chrome- or orange-yellow, sometimes with mustard to brownish green 
tinges, paler at the pileus margin, and brown or grey-brown fibrillose scales. 
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The Slovak and South Korean collections (BRNM 788274; BRNM 772177; 
BRNM 788273; see Fic. 4) confirm this variability. 

Lezzi & al. (2014) mentioned a difference in the pileipellis structure 
between the original description of P. variabilicolor and the Italian 
collections identified originally as P. castroae; phylogenetically they were 
identical and synonymized under P. variabilicolor. According to Lezzi & 
al. (2014), Italian collections lack the elongated pileipellis elements (up 
to 200 um long) found in collections of P. variabilicolor. Our holotype 
studies show that elongate elements of up to 210 um are frequent in mature 
basidiomata (BP85860, isotype of P variabilicolor; large basidioma labelled 
as the holotype of P luteus, DAOM 180447; also BRNM 788274, etc.). 
Shorter elements dominate in young basidiomata (BRNM 788273; small 
basidiomata of DAOM 180447, etc.); elongate elements are very rare and 
inconspicuous and thus may, in some cases, look like subpellis elements. 
The long elements also prevail at the pileus margin. In some cases, long 
elements are absent at least in middle parts of the pileus of very young 
basidiomata (the smallest basidioma of DAOM 180447; LE 212090). 

Pluteus variabilicolor was initially included within P. subsect. Mixtini 
(Babos 1978) but belongs phylogenetically to P sect. Hispidoderma 
(Justo & al. 2011la, Lezzi & al. 2014, our studies — see Fic. 1). Moreover, 
our morphological studies of the type show that the pileipellis structure 
of P. subsect. Mixtini within the traditional P sect. Celluloderma 
differs significantly from the pileipellis structure of species belonging 
phylogenetically to P. sect. Hispidoderma. Singer (1986) pointed out that 
the pileipellis of P. subsect. Mixtini is based on short (ellipsoid to saccate- 
obpyriform) elements, and elongate elements can be interpreted as 
dermatocystidia (= pileocystidia). By contrast, a pileipellis formed of long 
elements is typical of species belonging to P. sect. Hispidoderma. Thus, 
the long elements of P. variabilicolor probably form the pileipellis as well 
as the shorter elements. Our morphological studies show that the long 
elements grow later during basidioma ontogenesis, which is a very unusual 
phenomenon in Pluteus. Further investigation of the growth dynamics of 
the pileipellis is needed. 

Babos (1978) and Courtecuisse (2006) mentioned Pluteus variabilicolor 
as possibly introduced into Europe. The new records from Slovakia and 
South Korea confirm that this species is widespread in Eurasia and supports 
the theory that P. variabilicolor is a native species in the temperate zone of 
Europe and Asia. 
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COLLECTIONS STUDIED—Pluteus variabilicolor: HUNGARY. Prope Szárliget, in heap 
of sawdust, 6 July 1977, leg. M. Babos et A. Friesz, det. M. Babos (BP85860 isotype); 
19 Aug. 1974, leg. E. Véssey, det. M. Babos (BP56982); Budai Mts, Mt. Janoshegy, on 
rotten trunk, 19 June 1960, leg. I. Szőke, det. M. Babos (BP34357); Visegrádi Mts, 
Dömös, Malom-patak, in heap of sawdust, 23 July 1968, leg. et det. M. Babos (BP47697); 
Solymár; in heap of sawdust, 3 Sept. 1977, leg. K. Tallér, det. M. Babos (BP56990). 
AUSTRIA. Tittmining-Ettenau, heap of bark mulch (Populus?), 30 Oct. 1993, leg. 
R. Till et T.R. Lohmeyer, det. H. Forstinger (L 7942/2). ROMANIA. Moraresti, near 
Lintesti, decaying sawdust of Quercus, 3 June 1979 leg. et det. J. Kuthan (BRA 32267). 
SLOVAKIA. Snina, Hrb, heap of sawdust, 10 May 2010, leg. J. Pavlik, det. H. Ševčíková 
(BRNM 788274); Mladzovo, Hlonéa, deciduous forest, on decayed wood of deciduous 
tree, 21 Oct. 2015, leg. J. Hraško, det. H. Ševčíková (BRNM 772177); Lošonec, Losonsky 
háj, on trunk of Quercus, 13 September 2019 leg. D. Solar, det. H. Ševčíková (BRNM 
817743). REPUBLIC OF KOREA. Taean Peninsula, Deoksung, Sudeoksa Monastery, 
mixed forest, dead trunk of Castanea, 7 Aug. 2014, leg. V. Antonin, det. H. Ševčíková 
(BRNM 788273). 

Pluteus variabilicolor [originally as P. castroae]: RUSSIA. Samara Region, near 
Pribrezhny, on decaying wood of deciduous tree, 1 July 2007, leg. et det. E.F. Malysheva 
(LE 212090, paratype). 

Pluteus variabilicolor [originally as P. luteus]: CHINA. Kiangsu Province, Nanking 
City, on rotting wood in mountains, 27 June 1978, leg. B. Liu (DAOM 180447, holotype). 

Pluteus fenzlii [originally as P. variabilicolor]): HUNGARY. Vas, Hosszupereszteg, 
on heap of sawdust, 7 Oct. 1990, leg. P. Serediuk, det. J. Borovicka (BP 88763). 


Conclusions 

According to our results, Pluteus luteus (as well as P. castroae) is a 
synonym of P. variabilicolor and belongs to P. sect. Hispidoderma. This taxon 
is macroscopically and microscopically variable in colour and in structure 
of pileus and stipe. The most significant characters of P. variabilicolor 
are its yellow to ochre pileus, mostly clavate or fusiform thin-walled 
pleurocystidia and cheilocystidia often with an obtuse apex or rostrum. 
Pileipellis structure is also important for distinguishing P. variabilicolor 
from other species, but this character changes during the growth of the 
basidiomata. The shorter elements prevail over the long elements in the 
pileipellis of very young basidiomata in our studied collections. With 
aging basidiomata, however, this ratio significantly changes even in one 
population. A stipe with conspicuous dark floccules on a white ground is 
not a stable character. The stipe may also be white without conspicuous 
floccules; the lower part of the stipe may also have a yellow colour. Pluteus 
variabilicolor is rare but widespread in Europe and Asia on decayed wood, 
sawdust, or woodchips of deciduous trees. Its distribution indicates it is 
native to temperate Eurasia. 
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